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FOREWORD
This report presents the resultIJ of one of the pro.leotIJ partioi)Jating in the milltary­
effe<.'t programs of Operation Redw1nl(. Overall informatioD about this and the other
mllitary-effect projects oan be obta1ned from WT-1S«, the "Summary Ileport of
the CommaDder, Tuk Unit 3." This technioal summary iDCludes: (1) tableslisti.
each d MoDatlon with ita yield, type, environment, meteorologioal oonditions, etc.;
(2) map.. ahowing abot looaUons; (3) dlsouss1ona of ruults by programs; (4) summaries
of objectives, procedures, results, etc. , for all pre.'jects; and (5) a liaUng of project
reports for the mllitary-effect programs.
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ABSTRACT
~

oootaet hazard wbioa penoaDe1 uperieDOe wIleD worldrc OIl ndioaotively actively oontaminated )
all'Craft wu 1Dvestlptecl. .....Ul'lmeDta ~ tile coatsct IIuard I&I'e approxfm·ted by roximated by 8ur-
vey10I the aircraft with. pmma .U1"Ye1lDatru1aeDt (I'lB) ad~.oornctloa lac - • correction fac- !
tor to dae read1Jlp ClbtafJMd; 110 times the Tm readttc <r/hr) wtllilve the appradmate the approximate
i:loataot doN <reP/hr) to tbI aJdD In areu of d1re3t lmplnpmeDt of the cootamfn.nt. 1.. oontamlnant. 1. e.•
1ead1Jw edp of :he~. DOeO. etc •• wbereu 40 time. 6a '1'1B redrc 1. appUnabl. to rc 1. applioable to
tbI~ nrfac••• 1.••••ide. of the fWlel.~ -

<-TbOprot.cuoii-toUi1DdlvtdiiifliOmtbe ClOIltaOt hazard reallMd bywreartq I1OW. Vt'eu1ng glow.
wu elao Inve'!Pted. Allilov•• teated reduced tbI n.d1atioa tnWDa1t;)' to the IIaDda by ty to the hand8 by
at 1eut 10~ In addttioa to prefttlt!Dr the OOI!tamlnant from oom1Da In direct ooa In direct contact
with tbI Iikm. WeariDI of l10vel In rad1at1oa fteldl of O. ~ f /hr or more II reOG1mDll8DCl"re Is recommendecL..,.+

It Is recommended that Air Force publlcatlona be Nvtaed to 1nd1oda tbllaak of ne te the lack of ne088-
Idly for the ck-ooabmfn.tfon of radioaot1vely CODtMlJDated aircraft by Air Force opera- Air Force opera­
tional orpn1utfou.

5-6

SECRET

I

I
I
i





CONTENTS

FOREWORD - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 4

ABSTRACT- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - IS

CHAPTER 1 INTRODUCTION - - - - - - - - - - - - - - - - - - - - - - - - 9

1.1 Objectives - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 9
1.2 Background and Theory - - - - - - - - - - - - - - - - - - - - - - ., - 9

CHAPTER 2 PROOEDURE- - - - - - - - - - - - - - - - - - - - - - - - - - 12

2.1 Operations - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -12
2.1.1 Instrument Survey - - - - - - - ., - - - - - - - - - - - - - - - -12
2.1.2 Radioautogr8p:l11c Techniques - - - - .. - - - - - - - - - - - - -12

2.2 InstruJnentation - - - - - - - - - - - - - - - - - - - - - - - - - - - -13
2.2.1 Military I"sue Instrument - - - - - - - - - - - - - - - - - - - -13
2.2.2 De':illitometers - - - - - - - - - - - - - - - - - - - - - - - - - -13
2.2.:l Photographic Film for Radioautognphio stud1ea - - - - - - - - 18
2.2.4 Calibration Standards - - - - - - - - - - - - - - - - - - - - - -18

2.3 Data Required - - - - - - - - - - - - - - - - - - - - - - - - - - - - - UI

CHAPTER 3 RESULTS- - - - - - - - - - - - - - - - - - - - - - - - - - - -1 '7

3.1 Distribution of Contamination - - - - - - - - - - - - - - - - - - - - -1'7
3.2 Intensity of Radiation - - - - - - - •. -- - - - - - •. - - - - - - - - -1'7
3.3 Comparison of M~af,urementMetboo.- - - - - - - - - - - - - - - - -18
3.4 Other Factors AHect11l1 the Nature of the Contamln'ltioo- - - - - - - 20
3.5 Depth Dose Studiea- - - - - - - - - - - - - - - - - - - - - - - - - - - 20
3.8 Absorption by Standard Gloves - - - .. - - - - - - - - - - - - - - - - 23
3. '7 Radiation Exposure of Personnel - - - - - - - - - - - - - - - - - - - 2'7
3.8 Decay Studies on Contaminated Aircraft - - - - - - - - - - - - ... - - 2'7

CHAPTER" DISCUSSION - - - - - - - - - - - - - - - - - - - - - - - - - - 28

CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS- - - - - - - - - -31

5.1 Conclusions - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 31
5.2 RecomJnendations - - - - - - - - - - - - - - - - - - - - - - - - - - - 31

APPENDIX A ADDITIONAL TABLES - - - .. - - - - - - - - - - - - - - - - 32

APPENDIX B DESCRIPTION OF GUT-IES - - - - - - - - - - - .. - - - - - 315

REFERENCES - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 56

'1

SECRET



TABLES

LJ Characteristics of Films Used - - - - - - - - •. - - - - - - - - - - - 13
3.:. Summary of Instrument Survey and Film Measurementll

on F-84 Aircraft Durinr Period 2-4 Houro After
Detonation - - - - - - - - - - - - - - - - - - - - - - - - - - - 20

3.2 Summary of Instrument Survey aDd Film Measurements
on B-57B Aircl'aft During Period 2-4 Hour..
After Detonation - - - - - - - - - - - - - - - - - - - - - - - - 21

3.3 Summary of Film/TIB and Apparent Beta/Gamma IhtiQS
for F-84 Aircraft &II Measured from 2 to 4 Hourn
After Detonation - - - - - - - - - - - - - - - - - - - - - - - - 21

3.4 Summary of Film/TIB and Apparent Beta/Gamma P.atios
for B-57B Aircraft as Measured 2 to 4 Hours
After Detonation - - - - - - - - - - - - - - - - - - - - - - - - 21

3.5 Absorption by Gloves - - - - - - - - - - - - - - - - - - - - - - - - - 24
3.6 Comparative RadiaUon Exposures, Hand to \Vllole Body - - - - - - - 24
A.l Summary of Instrument Survey and Film Measurements

on F-84 Aircraft- - - - - - - - - - - - - - - - - - - - - - - - 32
A.2 Summary of Instrument Survey and Film Measurements

on B-57B Aircraft - - - - - - - - - - - - - - - - - - - - - - - 33
A.3 Summary of Film/TIB and Apparent Beta/Gamma Ratios

for F-84 Aircraft - - - - - - - - - - - - - - - - - - - - - - - 33
A.4 Summary of F'ilm/TIB and Apparent Beta/Gamma Ratios

for B-57B Aircraft - - - - - - - - - - - . - - - - - - - - - - 34

FIOURF..'S

2.1 l~xposure-density curve f01' 0523 film exposed
to SrlO- ylO - - - - - - - - - - - - - - - - - - - - - - - - - - - 14

2.2 El:posure-density curve for DF-19 film
exposed to SrlO_ylO - - - - - - - - - - - - - - - - - - - - - -15

3.1 Typical rll,dioautograpbs, showing distribution or
contamination on smoot:l surfaces - - - - - - - - - - - - - - 18

3.2 Rad\oautogr.apb of canopy-release button on i'-84 - - - - - - - - - -19
3.3 Depth-dose measurements on leading edge of B-57B- - - - - - - - - 22
3.4 Depth-dose measurements on tip tank of B-57B - - - - - - - - - - - 22
3.5 Radioautograpbs of leading edge of the wing of a

B-57B with an" without interposition of
glove swatcbes- - - - - - - - - - - - - - - - - - - - - - - - - 25

3.6 Decay of radiation dose rate in cockpit of
contaminated aircraft, Shot Zuni
aircraft no. 527 - - - - - - - - - - - - - - - - - - - - - - - - 26

8

SECRET



SECRET

Chapler I

INTRODUCTION
1.1 OBJECTIVES

The operattons with which this report i:1 concerned were carried out u part of Project
2.66. The objectives were to: (1) determine whether 8DY correlation exiats between the
contact rarUation hazard on aircraft that have recently fio'9t1i through nuclear clouda aDd
the dose rate me:Lllured on the surface by an AN/PDR-39 (TlB) survey meter; (2) study
the distribution, intensity, and decay of the conta:n1nation that causes the contact hazard;
and (3) evaluate the amount of protection offel'Eld oy each of a number of different typea
of gloves.

1.2 BACKGROUND AND THEORY

During recent years concern baa grown over tlR: ;>orentially serious contact radiation
h.azard that might be encountered by personnel who come in contact with aircrafl, recently
contaminated by flight through nuelear clouds. Th1a concern haa Men prompted in large
part by theoretical considerations as typified by analyses such aa thOlJe in References 1
and 2.

For the purpooe of their theoretioal analysiti of the problem of beta inmnsitiefl, the
authors of Reference 1 assumed an idealized geometry in whioh the contamination was
considered to be distributed uniformly over an infinite.plane. Based on .this aasumption,
the ratio of the beta intensity to that of the gamma was calculated to be about 130 to 1.
It was concluded that the beta hazard wn:; of ~'.tfflcient magnitude to warrant special in­
strumentation for measurement of the hazard in all areas ot' fission fragment contamina­
tion.

Similarly, it was shown in Reference 2 that in air or tissue the ion track density of
moderately energetic beta particles is about 75 times that of the photon of oomparable
energy; hence, if two betas are emitted for each photon, the ratio of these ionh:at1on
intensities would be 150 to 1.

As a result of analyses of this kind, experiments were urriertaken to meaaure the
relative ionization intensities of beta and gamma radiation UDder coDditiou that might
be encountered in the field. Reference 3 is an exampls of such a field experiment. In
this particular instance, the measurement of the beta-gamma ratio was UDdertaktl1in
desert fallout regions. While this was an experiment of primary interest to 1l'O\i.Dd
troops, some of the results can be npplied to the aircraft problem. Of particular interest
is the finding that a somewhat-high ratio of beta to gamma ionization intensitiea could,
in some instances, be changed to a field of almost pure gamma by removal of ooe Nla­
tively large particle in the vicinity of the area of measurement. Such a particle mq
contribute most of the beta radiation for that particular JoeU.lr';in8nt. This demonstrates
the fact that the effects of beta radiation will be experienced only in olose proxtm1ty to
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actual radioactive material. Of more importance is the indication that in fallout areas,
and perhaps uOOer other conditions as well, one may be dealing with individual pc-int
sources rather than uniform areas of contamination. This experiment concluded that
the total rll.cilation hazard to the s~nsitive layer of the skin was less than six time'i the
gamma hazard at heights of %inch to 6 feet above a desert surface con~inatedwith
fallout fission fragmenu. and neutron-induced activity.

Another undertaking of considerable importance was carried out during Operation
Greenhouse and tlxtended dUring Operation Buster-Jangle (References 4 ll'ld 5). Meas­
urements of both gamma energies and so-called beta-gamma raUos were made on fission
fragments collected on plaques that had been flown through nuclear clouds or placed in
fallout areas. During Buster-Jangle, the beta-gamma ratio in fallout areas was found
to be a maximum of 14 for a surface shot and 24 for an undergrOlwd shot.. During Green­
house this ratio was found to be 156 at times of 72 to 168 1'.'.lUl·S following detonation. It
is apparent that a wide varlction exists in the !'esults of experimental measurements of
the ratio of beta to gllIIlma ionization intensities from fission fragments, depending on
the Wstory of the radiation source and the experimental o:.rrangement.

One may not infer from these results that the beta-gamma ratios obtained from math­
ematical considerations are not correct. Instead, it should be emphasized that the ex­
perimental ratiIJs depart from theory because the e~rimental conditions differ from
those assUI:.. ed in the calculations. Thl' distribution 0: the cOlltamination appears to be
the most-critical variable.

In any study of the contll.ct radiation hazard on aircraft, the distribution of the con­
tamination must be determined. Certainly, the contaminatiOn consists of discrete
particles of mattei'. 'l'he flux of fission products, as ~een t>y an aircraft fly:.lg through
a nllclear cloud, could be such as to reBult in s~trbce contamination ranging from widel)
spaced particles to a condition approximating a uniform radiation field. Insight into just
how much separation the particles m.ay have and still be treated as a uniformly distributed
source may be had by considering that the thinnest layer of inert skin is about 0.1 mm
thick. This inert layer will always intervene (except in the case of open wounds) between
tha particles and the papillary, or sensitive, layer of the sldn. Con$equ1,ntly, uniform
purticles separatitln not exceeding 0.1. mm will appear to the living tissut:~ as essentially
ur.iform contaminaWm. The problem of determining the ratio of effective surface radia­
tion to gamma field radiation becomes gr~atly simplified ifurdform contamination .:'lxlsts
on the surface.

On the' other hand, departure from uniform contamination might result in intense
radiation at a discrete particle that registers as a low dose rate on a standard survey
meter, such as the T1B. This apparent lack of intensity results from the fact that an
ion-chamber survey meter suitable for field use must, of necessity, have a rather large
ionization chamber. As a result of this large size, the intense ionization in a small
volume of the chamber near a highly active particle appears to be moderate when averaged
throughout a volume of several hundred cubic cp-ntimeters.

Nevertheless, if one toaches this highly active particle, the sensiti"'e tissues nearest
the particle receive the full impact of the intense radiation~anda burn hazard exists.

Other important considerations in evaluating a skin· 'radiation hazard are the effect of
scattering, filtration of beta and low-energy gamma radiation by instrument walls, and
the penetrating characteristics of the radiat!on. To make an absolute measurement of
the dose rate near a surface contaminated with fission fragments and to translat.e this to
a pl;lrsonnel hazard is difficult. Hcwevp.r, a few practical approaches developed tn pre­
vious studies (References 3 and 6) permit one to make empirical measurements that are
directly applicable to the determination of dose.

10
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It has been shown (References 2, 3, and 7) that the papillary layer of skin where young
skin cells grow is the area where L'le greatest hazard exists and is approximately 0.1 mm
beneath an outsitle layer of dead, inert skin, except on the palms and 801es (where the
thickness of the dead skin may be 1i.5 mm or more). By devising in::trumentation with a
cowring of no more than the tlUclmeos of this inert layel' of skin (approxhnataly 10 mg/cm2

)

over the detecting element, one eliminates from his measurements only the radiation that
would not be seen by the sensitive tissue of the body anyway. Difficulties engendered by
scattering are likewiso minimize<:: by instrumentation that limits its measurements to a
very-thin layer and ia surrounded by tissue-like material. Such a measurement gives
the highest dQse rate one could expect for the most sensHi",'!: layer. that is, the maximum
hazard. With respect to the relative biological effectiveness (RBE) of betas as oompared
WIth gammas in the irradlrLtion of skin, it was concludoo in Reference 3 that il) dealing
with unknown proportions of betas and gammas mixed together, it is reascuahle to acoept
the net ionization per unit volume r...s the total beta-plus-gamma dose. Conseq',tently, it
is not necessal',)' to differentiate between the two t.vpea of radiation in the empirical
measurements .

The work reported in Refer~nce 6 undertook to determine the ratio between the grell.test
total dose rate reaching the sensitive tissues 01' the skin if oontact Is made with a oon­
taminated aircraft surface and the dose rate indicated by standard field survey instruments.
No attempt was made to differentiate betwecn bet::s and gammas in determining this ratio,
and the ratios so determined are not beta-gamma ratios. The ratio was fOlCld to be about
90 to 1 on aircraft impact surfaces and less than 40 to 1 on'aircraft sur1.aces other ::han
impact sur!lI:;~~. Some absorption studies were made from which an apparent beta-gamma.
ratio could be inferred. These ratios a~ecd w1th those determined by the former tech­
nique.

All of the m£;asurements reported in Reference 6 were made on aircraft whose con­
tamination resulted from flying through the cloud of a detonation in the ldloton rangtl.
The present project has undertaken to continue this work and to e~'1end it to contamination
resulting from detonations in the megatou range.

u
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Chapter 2

P,rOCEOUftE
2.1 OPERATIONS

On each shot of the test series, jet aircraft departed from Eniwatok Atoll, flew through
the cloud, and returned to base. It was on these aircraft that m~~!.:rementswere made.
During Shots Erie and Inca the F-84 aircraft used for s,.",mpling by the Test Aircraft Unit
were studied. During SOOt13 Zuni, Flathead, Dakota, 811d Apache measurements were
m:u!q 011 B-5'!l~ aircraft assigned to Project 2.66 from Tactical Air CommMd. Thet latter
wer,: flown through the cloud at somewhat earlier times than those employed by the
samp!ing aircraft.

Studies were made on aircrl'Jt which flew through the cloud at times varying from 41
to 81 minutes after detonation. The aircraft were on tha gl'ound within an hour after the
clO:ld penetration. Contamination s~udies were begun ir;lrnediately and extended for about
9 hours. Decay studies continued for an additional 12 hours.

When the planes landed, a survey was made at predetermined spots using a TIB. The
areas were clearly marked and the average dose rate was used to calculate the expobure
time for the photographic film.

Radioautographs wt're madl~ at intervals continuing up to 9 hc-lIrs after time' I,)f detona­
tion. Theac were intended to measure the amount and distribution of the contaminatio~l.

J.ddit\o';}al exposures were made in the evalur..tion of protective gle-ves.

2.1.1 Instrument Survey. The survey of t~;\; '.1rcraft wa~ lTlade with a T1B. These
readiilgs were made at :l. distance of 1" to %inua from the surface. In addition to the
surface survey, several decay studies were made for times up to 24 hours after detoIl.'\­
tion. Th'3 T1B was used for these studies, and measurements were made at several
location.~ on the contaminated aircraft.

2.1.2 Radioautographic Techniques. As soon as fue surface dose rates on the aircraft
had been established by the T1B survey, exposure of the photographic film was begun.
The areas selected for the exposure were protected wi th athin covering of polyvinylacetate
sheet plastic. This covering protected the contamination from rainfall and other physical
disturbance. '

A film of appropriate speed was selected and pl~ced over the chosen area. Masking
tape was used to hold the film in close contact with the surface. At least two exposures
were made on each area. Exposure times curfered by 8 factor of tv.u or three. This was
done in order to ensure t.1}at films of readable density would be obtained. To reduce
darkening by the gamma field surrounding the aircraft to a minimum, the film was kept
at a distance of about 100 feet from the aircraft, both before and after the controlled
contact exposure. Since this could not eliminate gamma exposure entirely, control films
were kept in a similar environment. The density of these control films was subtracted
from that of the exposed films.

Th(l exposcd film was developed with uniform agitation in Kodak liquid X-ray developer
(4 quarts of c:l,eveloper, 4 ga110ns of water) for 5 :urluutes at 67.45 ± 0.02 ~', immersed in
an acetic acid stop bath for 2 minutes, fixed for 7 minutes in Kndak liquid X-ray fixer,

12
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washed briefly, treated with Kodak HE-l hypo eliminator, washed for 5 minutes itl run­
ning water, rinsed in a wetting agent, and dried in a Fisher anhydrator for 10 to 15
minutes.

A set of calibration films was process~with each batcJ!. of rom. These films had
betm exposed to 11 standard SrllO-yto source for predetermined lengU1s of time. A density­
versus-exposure curve was plotted from these films. The ourve waa then used to de­
termine the radiation dose received by the films that had~n exposed to the surface
contamination. .

Density mell8urer.lentB on the prooellsed fll.n were made with two densitometer... One
of these was a Macbeth-Ansco Color T;ensitometer equiPred with & O.l-mm-dlameter
aperture and the other was a Los Allmas Film Densitometer, manufactured by tM
Eberline Instrument Division of the Heynolda Electrical and Eng.C.neeriDg Company. 100,

Depth-dose measurements were lUade on the leading edge of the aircraft Just inboard
of the engine and, also, on the tip tat'~{. These two positions '¥ere chosen in order to

TABLE 2.1 CHARAC'I'ERIS"r~Cs OF !'ILJdS U5:ED

Film Type Range Emul!lion Total Thickness.

rep mg/cm'

5135 0.02-2.0 Double 34.0

0523 0.4 4.0 Single 28.4

DF-19 4.0 70.0 S1~e 27.0

*Incilldcs both emulldon and fUm support or bac~ng.

allow a comparison between the apparent beta-g.unma ratios near and at a greater dis­
tance from the stronger gamma field that exists at or near the Jet engine.

As a practical application flf the absorption measurements, an attempt was made to
evaluate the prottlction offered by various types of gloves; This involved outting a rep­
resentative swatch from each type of glove and interposhig the material between the fUm
and the contaminated surface. By comr>u-i!l& these films'with shnilar fllms 'llxpoeeCl to
the same area without the interpoRell swatch, the reduction in dose caused by the glf.1,e
could be determined.

2.2 INSTRUMENTATION

2.2.1 Military Issue Instrument. The TIB is a standard Air Force instrument USb!!.

for gamma s...rvey. Since detailed specifications are readily available through Air Force
channels. it will not be described hEre.

2.2.2 Densitometers. The densities of the exposed films were measured by two den­
sitometers. One was the Ansco color denaito~ter. It has a usable range of from 0 to
6 density units. For the purpose of this study, it was fitted with 3D aperture having a
diameter of 0.1 mm. It was used primarily for determining the density of the small
areas of !llm darkened by exposure to particulate contamination. The other densitometer
was the Los AlaDXlS film den.dtometer, Model FD-2, manufactured by the Eberline In­
strument Divi::!on of the Reynolds Electrical and EngineeriIijt Company, Inc. This in-

SECRET



I,
\
\
\ i:,

'\
i\..

'" I
I

'"I- r...
~-

'\..,
\

"\
I \

I !

~,

I
)

I
i

., ell

o 0
S~!Un ~I!SU&(] • ~t!SU&(] ~aN

14

SECRET

N

o

~
I•~

III

S

1
~
III

8a
0- PO
CD N

It).. 0.
~

CD oS..
- :;) t&/I

8. II
K .t>w il

I'l
-8

I

i
~

fol...
N
f
illl
r;:

"0
0-



I

--
-----1\

\ I

---l\ I
- ------

\
--

'\
I

'\~
I ~I

I ~_.
'\.._.

'\.- ---
"-

\.
---

\-\
I ,
I i\

I

+- \
\

I

..
2

~.
a..
IlIl

S

1.,
e

0-
a
'"G) ...... I- ....

e Q..
~ oS2 CIt
0 t0-
)( Bw

.t-
il
Cl

-8
I

f
i
~

III
N..
j

N

St!Un ~t!SUaa • ~HSUaa taN

111

SECRET

o



strument has the capability of measuring the average density of areas ur film as large
as 3/, by %inch, even though the density is nonuniform.

2.2.3 Photographic Film for Radioaut~aphicStudies. One method of studying the
surface contamination and relating it to the contact hazard is that of photographic film
dosimetry. To obtain accurate measurements of dose rates of all tissua-damaging radi­
ation and the distribution of this radiation, special film ptlCks were developed. These
had the following characteristics:

1. S i z e: Dental pack size of 1%2 by lila inches.
2. Em uhi on: Single emulsion of about 5 mg/cm2 in thickMs." A thin sin;)e

emllls10n eliminates the necessity for the use of corrections to account for the absorp­
tion of the beta radiation in the materill1 of the film itself.

3. Wrapping: (1) Individually wrapped by hand in a light-tight coverIng 8.6 mg/cm2

thick consisting of red cellophane and thin aluminum foil. (2) Film Btacks for depth-dose
measurements wrapped in the lIame covering described above. A stack consisted of 30
films with 8-mg/cm2 paper sf,acers between adjacent films. Two types of films were
used. The composition of each stack was as follows: .:l) six to ten of the less sensitive
film; (2) five of each film type placed alternately: and ,3) suffioient of the more sensitive
film to bring the total number of pieces of film to thirty.

4. Range of Se ns i tivity: Several types of film with varying sensitivities were
obtained in order to assure that all anticipated dose rates could be measured. Tabl~ 2.1
lists these films, along ",1th their respective characteristics. In actual practice only the
0523 and DF-Ill typc~' were used, inasmuch as they covered the entire range t)f exposures
that was encountered.

2.2.4 Calibration St:mdards. Since densitied of film are relative measurements, the
accuracy of dose measurements made v.ith film is no better than the standard to which
the dtlnsities refer. The standards used by the authors of Reference 6 were used for the
present study. They Wtlr~ SrM_'i-tO and bhalloy.

Through exposure of a particular type of film to one of these standards, a characteristic
exposure-versus-del1sity curve was obtained. Figures 2.1 and 2.2 show typical CUl'Vea
obtained for 0523 and DF-19 film. These curves were used to convert density me9.3ure­
ments to dosage for those films that had bcC:l expo'!:~d Ul fission-fragmeI'lt contanunation.
In order to eliminate &ny variation that might have resulted from variations in processing
conditions, control films were exposcd and processed with each batch of film. The den­
sities of these control films were averaged, and a characteristic exposure-versus-density
curve was drawn for each shot. The variation in these curves from one shot to another
was never more than 10 percent and usually was les!:1 than 5 percent.

2.3 DATA REQUmED

The data required to accomplish the objectives of this project included: (1) radiation
dose rate surrounding a contaminated aircraft as measured by a standard survey instru­
ment; (2) actual radiation dose rates on the surface of the aircraft and the distribution of
the activity; (3) a measure of the absorption characteristics of this contamination; and
(4) measurements of the rate of decay of the contamination as a function of elapsed time
after detonation. ..
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Chop/" 3

RESULTS
The aircraft that were surveyed had surface pmm.a doae rt\tes at the ..me lc:.oatior. of
from 1 r /hr to 10 r /hr. The airoraft had penetrated the nlo.\d at an early time and were
highly contaminated. The detailed lnatrument survey and radioa.utoeraph1o studios re­
quired three of the project personnel to remain in the vioinlty ot the airoraft tor 8 to 12
hours immediately after the airoraft landed. The radiation dose8 rooe1ved under these
circumstances were of the order of 0.5 to 1 r for the day. 'I'he total radiation dose atter
participation in seven abots did not exceed the maximum perm1asiblfl exposure of 3.9 r
established for the ope':ation by the COlDlnaOOer ot Joint Tuk Force Seven. The experi­
mental plan and procedure proved to be satisfactory. Considerable data which are directly
a;>plicable to operations in the field were oollec~N1.

3.1 DISTRIBUTION OF CONTAMINATION

The radioautographs obtained showed generally a uniform field of radl ation on which
were superimposed small areas of relatively more intense radiation. The uniform field
was the gamma iield that surrounded the aircraft. The number of 1ntwBe reglons varied
from less than ten to several h\lDdre(l per square centimeter. These areas do greatest
intensity showed up on the film as dark spots ra.ngl.ns in diar~ter from 0.1 mm to as
much as lor 2 mm. The radioautogcapha of the contamination !llhowed DO cUff"rence be­
tween kiloton-range and megaton-range shots nor between F-84 and B-57 aircraft. Figure
3.1 shows two typical radioautographs. The areas of contaminAtion appear as darkened
portions of the film.

The contamination W3S most prom1nent in crevices on the aircraft, in craoka, and around
rivet heads or other irregulariti9s in the surface. In these ,cases the radioautograph was
a sharp outline of the object beneath the film with the crevic~s showing collections of
relatively intense contamination. This i" 1Ul\Btrated by Figu're 3.~, which i8 the radio­
autograph of the canopy release button on an F-84. For the purposes of extensive study,
relatively smooth surfaces were chosen. since such surfaces predominate in the total
surface area of the aircraft. A. might be e~ted. the leading edge of the winI. nose,
or any other surface at which a sharp change in the direction of the air now occurred,
exhibited greater contamination than those surfaces where a smooth now prevailed.
These will be referred to as impingement and sliding surfaces, respeet1vely. ExampIE18
of sliding surfaces are the top and bottom surfaces of the willi and the side of the fuse-
lage. Figure 3.1 shows examples of the oontamination pattern on both impingement and
sliding surfaces. Table 3.1 shows values for the intensiti~smeuured on F-e4 aircraft
contaminated by flights through the clouds from ldloton-range burtJts. Table 3.2 shows
similar values for B-57 aircraft contaminated b)" flights through olouds from multimegaton
detonations. The values shown are the average of a number of measurements made
during the period from 2 to 4 hours after detonation. More co:nplete tables can be foond
in Appendixes A.l and A.2.

3.2 INTENSITY OF RADIA110N

A wide range of dose rates was measured. The dose L'ates varied from shot to IIhot
17 ,"
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and from location to location on the aircraft. The variations are indicated in Tables 3.1
and 3.2, which show the surface dose rates :1.8 measured by the TIB and by photographic
film. For the film the maximum, average, and minimum dose rates are given. The
maxima and minima were measured through a densitometer aperture 0.1 rom in diameter.
The average value was derived from a densitometer aperture that eDCOm:>used nearly
the ....·holtl area of the film. The intensity of radiation showed wide variations over very
small areas. For example, one film placed on the noae of a B-57 about 2 hours after

Side of fuselage of·B-57B just below
canopy. (Blurr'lngnear edges due ttl
poor <:vntact with aircraft surfaoe. )

Leading edge c! '¥ir.;.; of B-57B just
outboard of engine,

Figure 3.1 Typical radioautographs, showing distribution of contamination
on smooth surf::ces.

I

detonation showed a maximum of 400 rep/hr and a ),:\:plmum of 15 rep/hr. The latter
value is only 4 percent of the former. i~'

As might be expected, the variation in dose rates from one shot to another was great­
est on impingement surfaces. This holds true for bc.th TIB and fUm measurements.

3.3 COMPARISON OF MEASUREMENT METHODS

Dose-rate measurements with a TIB and photographic film were made over as nearly
the same area as possible. (It should be remembered that the sensitive area of the TIB
is approximately ten times that of the film.) Care was taken net to disturb the contami­
nation. The ratios between the two methods of measurem"lnt are shown in Tables 3.3
and 3.4. The values shown are the average of a llumber of measurements. More com­
prehensive tables are given in Appendix A (A.3 and A.4).i

The values shown in the columns headed "Film Max/TIB" and "Film Ave/TIB" are
the ratios of. the maximum and average dose rates measured by the fUm to the TIB lIleas­
urement. These r~tios are not beta-gamma ratios nor.are they ratios of beta plus gamma
to gamma. They are ratios of the total surface dose rates as IlY~asuredby two entirely
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Figure 3.2 Radioautograph of canopy-rele~sebutton on F-84.
~
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different methods. The ratio of the maximum dose rate on "hot spots," 1. e., small a.reas
0: intense radiation, measured by film to that indicated by theTIB varied from 650 to
S. Mean values of 110 for impingement surfaces and 40 for sliding surfaces were found.
:he comparable variation in the ratio of av~rage film dose rates to TlB dose rates was
from 300 to 3 with mean values of 55 and 20 for impingement #xl slidina surfaces, re­
spectively. It is also appar(-nt from the tables that a wider v~riationexists on impinge-
ment surfaces than on sliding surfaces. j

The values shown in the columns headed ''Hot Spot ply" and "_~rea p/y" are apparent
beta-gamma ratios as determined by depth dose studies with ~hotographio fUm. Details
of this study will be given in a later section. In alJmst all cases tbere is fair agreement
between these ra~os and thE: film-to-'i'IB ratios.

3.4 OTHER FACTORS AFFECTING THE NATURE OF
THE CONTAMINATION

F:'om an examination of Tables 3.1 and 3.2, it can be ,:senthat there is considerable
varia.tion from one shot to another in the general level of contamination picked up by the

TABLE 3.1 SUMMARY OF INSTRUMENT SURVEY AND nUl it:EABUREJa:NTlI ON r-u AIJlCRArT
DURING PEIDOD 2-4 HOURS AFTER DETONA'nON

Location of Film
0:: F-B4 t\lrcraft

~r1.

TIme of Penetration
H + 57 min; H + 82 min

TIB rIhr FIIm replhi'
Max Ave Wo

lDoa
TlI%>:l of P_tratlOll

H + 81 mill; K + sa mill
. mIL .-.plhr

11B r /hr Max Ave M1JI

Side of AIr Intake 8.5 3.300 1.500 UOO !·:.().8 l50 8 5
tli

Side of Fuaelage Below Compt. 0.7 55 12 7 '( 0.11 55 14 12

Willi Low Edge, Halfway Out 5.4 3,500 1,800 lIOO 1.0 50 1& 8

Side of TIp Tank 1.2 110 30 15 \' 0.8 50 14 10
j

aircraft. A number of variables can be s:tggested that might account for this. Among
them are time and altitude of penetration, total till'lL iu cloud, type and y:eld of nuclear
device, type of burst, preVailing weather conditions, condition of aircraft, and airspeed.
No doubt there are others. The data collected are not sufficie.ntly complete to allow
inferences concerning the effects of these variables. All that' ,can be said is that the
surfaces of some of the aircraft became more heavily contaminated than others.

3.5 DEPTH DOSE STUDIES

Approximately fifty depth dose studies were made by means of stacks of photogI'iiphic
film. Two representative examples of the results are shown in Figures 3.3 and 3.••
They show the dose experienced at various depths in stacks of film exposed to t1'e leading
edge of the wing at a point just inboard of the engine and to th" inboard side of the tip
tank. The dashed lines represent average values over .the to~al area of the film, whereas
the solid lines represent a sl~le "hot spot," or area of intenSe radiation.

The film stacks consisted of Eastman DF-19 and 0523 filni: In the analysis ot the data,
the film nearest the surface was considered to have receivedilOO percent of the dose.
This is justified for the purposes of this study, inasmuch as ~e 8.6-mg/cm2 wrapper

20

sriCRET



TABLE 3.2 SUIUIARY OF U1STRUMENT llUl!'1EY AND nLM MEASUREJaNTS 011 B-&7B AIRCRAFT DUJUNG PERIOD
2-4 HOORS AFTER DETONATION

;)

LocaUon of J'"11m
on B-57B AIrcraft

Time of Penetratioa.
H + 5~ l"!n

-------Fu"'"'m'"'re=pllU"=­
T1B rihr Max Ava M1n

Til.. 01 P...lrel!OD
H + 85 m1II:H + 78 min

T1B r /hr --.!!!!!! &"!PIhi'Ml
Max A.,. n

Top of Noaa

SJrle of Funelap B<olow Canopy

Unpainted Gun Cov"r. Leadlng Edp

Fainted Leadllll Eelie. Inboard

Side of TIp Tank

2.0

0.2

3.0

3.0

1.5

400 :10

20 4

300 100

180 40

50 15

80

20

4

0.3

0.&

1.8

3.~

0.&

U 84 3S

12 & 3

410 8& 88

270 14&

11~ 3& 30

0.&

0.&

2.&

8.0

1.0

&&

27

8&

3&

:10

11

4

32

U

12

18

TABLE 3.3 SUMMARY OF nLM/nB AND APPARENT BETA/GAMJ.IA P.ATIOS FOR 1'-84 AIRCRAFT
AS MEASUIU:D FROM 2 TO 4 HOURS AFTER DETONATION

-----
Shot Erie Shollnca

Locntion of FUm
Time of Penetration Tim. of PenetraUon

H + 52 min H+8lmln:H+&&mlnon F- 84 .·~::"''''ra.tt.
Film 101.,. Hnt Spot FUm Ave Are. Film Max Hot Spot Film Ave Area
~ Illy --:ns- dh Ti.~ Ilr, ~ Illy

SIde of air tntake &10 2:10 7& 10

SIde of fuaelap below &0 17 81 18
canopy

WIlli lower edie, half 850 70 :100 35 50 50 U 14
way out

8Idol of Up tank 75 26 82 0& IS 20

TATlU 3.4 SUMMARY OF nLIoI/T1B AND A.PPARENT BETA./GA.IoIMA RATIOS FORB-67B AIRCRAFT M IoIEMURED
2 TO 4 HOORS AFTL~ DETONATION

Looel!on of rum
on 8-57B AIrcraft

Sbol Zuni
TIme of PeD8lrel!on

H + &2 m1II
rum Max Hot Spot rum Ave Area
~ Ply --nB Illy

...,t l'1athead
Tlma of P8'Mltrel!OD

H + d& min: H + 78 m1II
Film Max Hot Spot ii'iIJD Ave Area
-ns- Illy ~ /l/y

Top of noae 200 15 220 215 1:10

Side of fu.oelace 100 20 24 10 4&
belowomopy

Unpainted cun o<IYer 100 33 260 6C 34

Painted leadIqr edp, 83 13 10~ '70 4& 8
Inboard

S1J. "f Up tan!< 33 10 145 90 48 30 30

;,
\":
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plus the polyvinylacetate surface covering is vory nearly equal to the thickness of the
inert layer of the skin.

The apparent total dose (FigurEls 3.3 and 3.4) decreases smoothly as the absorber
thickness is increased and finally reaches a constant value. If this constant value is
tak·~n to be the gamma dose to which the stack was exposed, thE! apparent beta dose can
be calculat.ed by subtracting this amount from the apparent total dose. A curve that r",­
presents the absorption characteristics of the beta contamination alone can then be drawn.
This was done in Figures 3.3 and 3.4.

The results of this method of analysis are summarized for all of the film stack!; in
Tables 3.3 and 3.4 under columns headed "Hot Spot ply" wd "Area ply." In general,
these ratios agree rather well, especially for the average dose rates measured by the
individual films and the TIB.

3.6 ABSORPTION BY STANDARD GLOVES

An attempt was marle to evaluate the exte.nt to which various types of gloves would
reduce the contact hazard to which the wearer would be subjected. A complete descrip­
tion of each of the thirteen different gloves is ~dven in Appendix B.

A preliminary evaluation was obtained by interposing the glove swatches between film
and the Sr'O_y90 standard source. The column headed" Absorption SrlO_ylO" in Table
3.5 shows tne percentage of the incident radiation which was absorbed by tho glove in
question. Each percentage is the average from at least eight exposures ranging from
0.5 to 60 rep. The average deviation for each percentage value was less than 5 percent.

A seriea of exposures was made in which fH!l1R \"iere exposed to a contaminated sur­
face. both with and without the interpositioIl of a glove swatch. The area chosen was
the leading edge of the wing of a B-57B that had penetrated the cloud from a megaton­
range burst. The fourth oolumn of 'Table 3.5, headed:"Reduction of Average Dose Rate
To Hand," shows the percentage by which the dose reaching the film from the aircraft
is reduced by the glove. The film densities were read through the large aperture on the
densitometer. This column, then, represents the percentage by which the dose to the
hand as a whole would be redUl~ed. Repeat measurements for some of the gloves were
made on subsequent shots. These are indicated on the table.

It will be noted that the percentage absorption on the aircraft exposures is gt'oater
than that on the Sr'°_ygo calibration sou::ce. This is an indication that the average energy
of the contamination is less than that of the radiation from SrlO_y90.

Since the primary contact hazard is caused by the small "hot spots" of intense radia­
tion, it is instructive to compare the maximum dose r!l~s observed on a surface with
and without the interposition of a glove swatch. The percentage by which the maximum
dose rate is reduced is shown in the last column of Table 3.5. It is observed that all
gloves reduce the maximum at least 50 percent. This 'is due in part to actual absorption
by the glove material and in part to the scattering caused by the increased linear separa­
tion between the contamination and the film. In addition, no residual contamination was
observed on the hands of peraonnel who wore leather. rubber, or vinyl-eoated gloves.
Figure 3.5 shows a number of radioautographs made with and without the interposition
of several different glove swatches.

From the standpoint of ease of movement and comfort to the wearer, as well as frC'm
the !l:dndpoint of the protection provided, the vinyl cdated cotton glove (N". 13) or a
cl)mbination of a jersey liner and leather flying glove was found to be more satisfactory.
Any of the gloves not containing leather could be decontaminated by laundering. The
vinyl-coated gluve had the advantage that the wearer ~ould rerrove most of the contami-
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TABLE 3.5 ABSORPTlON BY GLOVES

Reductio'l of Reduction of
Number and Brief Weight of Absorption Average Dose Maximum Dose

Description of Gl(lve Glove Sr90 _ yeo Rate to Hand Rate to HaIXI.

mg/cm:' pet pet pet

1 Synthetic rubber 27 23 EO 69
2A Lightwe~ght flying 39 41 56· 60
2B Mosquito bar from 2A 18 18 4.8 65
3 Standard Flying 36 32 49· 85'"
4 Neoprene-coated cotton 90 56 78 9-'"
5 Cotton work 36 3S 40 86

6 Cotton liner 27 2S 38 63
7 Rayon liner 14 17 19 71
8 Rayon liner 12 16 'Z2 71
9 Heavy cotton work 36 46 4S· 80·

10 Light work 22 21 41 81
11 Nylon liner 18 17 30 51
12 Sll'?,ical rubber 26 21 42 81
13 V.:nyl-coated cotton 77 49 74· 9C·

• Tested on two or more shots •

TABLE 3.6 CO~PARATIVE RADIATION EXPOSURES, HAND TO WHOLE BODY

Dose, r P~"'(:cnt Ratio to Whole Body
Outside Ir.side Reduction OUtside Inside

Location Glove Glove by Glove Glove Glove

Breast pocket 1.0

Right wrist 2.0 1.1 45 2.0 1.1

Right palm 3.0 1.9 37 3.0 1.9

Left palm 2.1 1.2 43 2.1 1.2

Right fiIlger 4.3 3.6 16 4.3 3.6

Left finger S.l 1.8 65 5.1 1.8

Average 41 . 3.3 1.9
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Bare surface·

Bare surface·

Bare surface"

Bare surface·

Leather flying
glove (No.3)

Cotton work
glove (No.9)

Rubber surgical
glove (No. 12)

Vinyl-coated cotton
glove (No. 13)

Figure 3.5 Radioautographs of leading edge of the wing of a B-57B
with and without interposition of glove swatches.

• Slight blurri!lg at. edge due to incomplete contact with surface.
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A-Front Cockpit
t--~---->~+------l B- Rear Cockpi t 1--------1

Slope A.= -1.6
Slope R'= -1.5

~ 102~ +--~~-v-+----+---+--t------l
o
0:

-

10 L.- ~----.......--...I--......- ..........- ......--..
50 102 lOa

Time After Detonation , Minu tes

Figure 3.6 Decay of radiation dose rate in cockpit of contaminated
aircraft, Shot Zuni, aircraft no. 527.
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nation merely by scrubbing them while he still wore thfaI1. In this manner they could be
used continually and decontaminated as needed. The foregoing statements refer to the
g].OVtltl found to be most convenient by the personnel of this project. It om be seen from
Table 3.5, however. that all of the gloves teElted provide a reasonable degree ur protec"
tion. Therefore, the ultimate choice can be left to the individual wearer.

3.7 RADIATION EXPOSURE OF PERSONNEL

Since it is the actual radiation exposure to personnel that is of importance, an e:q>eri­
ment was c::lrried out to compare the Whole-body exposuN tv that received by the hands.
Measurements were lLB.de on the four personnel who conducted the instrument SUl"Vey and
the radioautographic studies on approximately eighteen aircraft. The whole-body exposure
was measl'red by a film badge worn on the breast pocket. Exposuros to the hand were
measured by mm badges attached at various locations both inBide and outside the proteo­
tive rubber surgical glove. The results ~f this experiment are shown in Table 3.6. All
of the films showed a uniform blackening. This indicates that the exposure conditions
are such as to minimize the importance of the hot spots. The average percentage by
which the gloves reduced that radiation dose was -n. The finn! column of Table 3.6 shows
that the average ratio between the whole-body exposure and the dose to the hands of per­
sonnel wearing gloves 1s very close to two. This is true despite the large dose rates
measured dirtlctly on the surface. This indicates that the hands of personnel who work
on contaminat'?d aircraft spend little time in close contact with the surface and relatively
more time I~WhY from the surface in a position exposing themto essen·l.ally the same
radiation field as the rest of the body' i.

3.8 DECAY STUDIES ON CONTAMINATED AIRCRAFT

A record of the intensity of radiation in the crew compartments of the contaminated
B-57's as treasured by the TIB was kept. The measurements were begun as early as
90 minutes after detonation and continued for periods as long as 24 hours. The average
slope of the d"cay curves was ·-1.6 with an average deviation of :1:0.4. A typical decay
curve is shown in Figure 3.6. These decay curves are discussed more thoroughly in
Reference 8. .
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Chapter 4

DISCUSSION
The object of this study was to evaluate thu contact hazard that exists for personnel who
must come in contact with aircraft contaminated by flight tb.rough nuclear clouds. In
achieving this goal, the apparent beta-gamma ratio of ffssf.on-frll.gIUdnt contamination
was measured.

Measurement of the actual beta-gamma rati" was not attempted. The actual ratio
would be extremely difficult to determine and would havellome theoretical value, but
little practical use. The requi:-ement is for a means of determining a working ratio that
can b~ expresAed in terms of tho intensity indicated by SOJ"'e standard survey instrument
such as the TIB.

The ratio between the total contact dose l'ate and the TIB reading was found to vary
betw<!en 6 and 650. Considering the lack of unlforrn.ity oi the surfaces involved and the
widely differing circumstances in whi~h the aircrf.dt became cc.ntaminated, this variation
is 110t surprising.

The problem is to evnluate these measured ratios and to determine the importance
that must be attached to them. Ratios less than ten may be regarded as unimportant,
since the skin-toleran,,;:: dose is probably at least ten times srreater than the t'-!erance
for wh(.le-body radiation. Under these conditions, the "uole-body radiation dose would
be thtl limiting factor, and the contact hazard would not hamper the activities of personnel
in an operational situation. Obviously, the higher ratios are the ones that muot be gi,ren
consideration. From the limited experiIl'ental data shown in Table 3.6, it can be seen
that the actual ratio of the contact dose to the whole-body exposure is approximately two
for those personnel who wear gloves. Even though this is true, it is instructive to car!'Y
out a further theoretical analysis of the pl'C'blem.

The highest contac~-dose rate meas'JI'ed during the entire study was 3,500 repJhr. The
ratio between this dose rate and the TIB reading was 650. This dose rate was measured
by means of a film tightly taped to an impingtlment ..\'.t'illO,e. In order for Ll human being
to sustain a beta burn, the bare surface of the skin would 'have to be held in equally close
contact with the surface for an extended period. The meart ratios between the maximum
contact dose rate and the TIB readings were found to be 110 for impingement surfaces
and 40 for sliding surfaces. When an area of several square centimeters is considered,
these mean values can be halved. For prse:tical purposes, and wiiliout introducing a sig­
nificant uncertainty, the contact radiation hazard can be evaluated by the use of these
ratios in conjunction with a survey of the aircraft with a 'fIB.

An analysis of probable operational situations tends to ,minimize the significance of
the highest ratios and focus attention on the intermediate values. Personnel who perform
work on an aircraft do not grasp anyone part (especially impingement surfaces) for long
periods of time. Instead, the grip is changed constantly from one 'point to another, wit.'t
the result that the expo!'ure becomes nearly uniform and the h"t spots of high activity ar.e
eliminated. This was shown by the uniform blackening of the films that were placl!d on
the hands of the men who handled the survey film. If one considflrs the average dose
rate over the entire film to be representative of the actual situation, the mean ratio of
the total dose rate to T1B reading becomes 55 for impingement surfaces and 20 for sliding
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surfaces. The'le me"n values can be applied to cases where personnel are wearing
gloves. If no gloves are worn, the ratios of 110 and 40, mellBurElU over small areas,
should be applied. The Ulle of one of sevenl types of gloves will reduoe the radiation
dose to the hands to about 60 percent of that whioh bare hands would receivo under th".
same circumstances (see Table 3.6). Additionally, theihot spots of intense radiation
are red~ced to between 10 and 60 percent of the ungloved values. The vinyl-eoated
cotton glove, a combination of rubber surgical and broadcloth gloves, or a leather flying
glove with liner were found to be ,atisfactory, since they were flexible but not too slip­
pery for easy g.l.'aspi.tg. AU three combinations s~ffer the disadvantage of iDcrea&1ng
sweating of the hands. All three are impervious to the ~'l~..iculate contamination; thus,
removal of the gloves leaves the hands free of contsmfMtion. There a1'6 undoubtedly
other combinations that would prove more satisfactory to other individual users.

When all factors are taken into account, it becomes apparent tb:i.t the whole-body
gamma-radiation dose is the limiting iactor in operational situations requiring work on
aircraft contamInated by flight through the clouds from nuclear detonations, provided
personnel wear gloves. Facts leading to this conclusion include: (1) personnel working
on the aircraft are in the gamma field at all times; (2) high dose rates are encountered
only by direct contact "'ith impingement surfac,;;,s, an infrequent occurrence, and (3) the
dose rate to the skin can be reduced appreciably by the wearing of gloves. The whole­
oody dose is measured by the standard Rad-Safe film badge and pencil dosimeters. It can
be estimated with the dose rates measured by the TIB.

Since the whole-body gamma dose is the limiting factor, it is appropriate to consider
what this doll" will be under various conditions. If the dose rate at H + 1 hour, 10, is
known, the dose rate at any subsequent time call be l:omputfld from the relationship:

c

(4.1)

Where: It =Dose rate at time t, r/hr

10 =Dose rate at H + 1. hours. r /hr

t =Time after detonation, hra

The total dose received during any given interval of time is:
!,

(4.2)

Where: D = Total dose, r

11 = Dose rate at time tt, r/hr

12 = Dose rate at time tz. r/hr

tt = Time after detonation, hrs

tz = Time after detonation, hrs

This expression is derived in Reference 9.
The ~ost·-h.!ghly contaminated aircraft surveyed during this study was an F-84 that
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had penetrated the Shot Erie cloud. It had the following '1urface dose rates:

Location Measured Rate Time Dose Rate at H + 1----
Air lntllke 9 r/hr H + 2:18 25 r/hr

Side of Fuselage 0.9 2:21 2.5

Leading Edge 6.0 2:21 17.0

Tip Tank 1.5 2:25 4.2

Since the two highest values represent hnpinaement aurfacea, Ii ni.ue of 8 r/hr can be
considered as a conservative value to represent the aircraft u a whole. (Note that 8 r/hr
is more than three times the do:,.) rate on a typical lI11d1ng aurfaoe, auch u the aide ~
the fuselage.) The effective center of the body will be at leut a foot from the aircrll.ft
surface. Experiment has shown that the gamma dose rate at a dlltaDc" ~ 1 foot from the
surfaCE:: is very near to half the surface dose rate. Henc., ~he whole>-body doN rate can
be taken to be half of the surface dose rate, or 4 r/hr at H + 1 hour.

From this dose rate, the whole body radiation dose C&Jl be calculated for varioua aitua­
tions through Equations 4.1 and 4.2.

If exposure began at H + 2 hours and continued for 8 hours, t:1e dose rate at the end of
the period would be 0.25 r /hr. The accumulated dose would be 5 r.

If exposure began lit .H + 24 hours and continued for 8 hours, the dose rate at the end of
the period would be 0.06 r/hr. The accumulated dose would be 0.8 r.

If exposure began at It + 24 hOU1'S and continued at a rate of 8 hours per day !or 10 con­
sucutivr. days, the dose rate at the end of the t.3nth d~' would be 0.005 r/hr. The accumu­
lated close would be 1.2 r.

These calculations assume the extreme case, in which exposure is continuous and the
center of the body is only a foot fron! the surface of the DlOst-highly contaminated aircraft.
In any actual situation the dose would undoubtedly be smaller. These calculations were
performed using the value of -1.2 as the slope of the decay curve for fleaion products.
It was pointed out in Section 3.8 that the contamination on the aircraft seems to dec~

with a slope of -1.6. if this value had been used in the computations made above, the
accumulated dose would have been reduced by a factor of three.

(
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Chopler 5

CONCLUSIONS tlnd RECOMMENDATIONS
Although the results reported and discl/.Bseci in this report ~ not have the precillioa of a
carefully controlled laboratory experiment, they are adE"!<1r.te to support several conclu­
sions.

5.1 CONCLUSIONS

1. The amount and distribution of contamination that aircraft incur during flighta
through nuclear clouds is fairly uniform, considering the widelyv~circumatanc'~11

under which the contamination ill incurred. There do not seem to be any significant
variations due to device yield or aircraft type.

2. The ratio between the lIurface intensJty u meuured by photographic film and the
TlB was found to have a mean valup of 110 for impingement surfaces and 4{i for alidil1j~

surfacell. The measured values varied by a factor of flve above and below the mean.
3. The total contact-radiation dOlle rate can be evaluated ntiafactorUy through the

use of. the Tl.B and these ratioll.
4. Tberc ia 110 requirement for lpecial flelti lnsu-umentation for operational organi"

zatlons to measure the total lurface radiation 1ntensity, provided that certain precautiou
are oblervod: (1) Personnel llhould avoid direct contact between the skin and the surface
of highly contaminated airoraft and (2) the whole-body exposure should be monitored oare­
fUlly. Skin-llurface oontaot can be avoided through theuae of disposable clothing, es­
pecially gloves. II the whole-bodv exposure 18 kept within permissible limits, there ill
Uttle pollsibiUty of a serlow; contact exposure. .

5. All of the gloves tellted were found to reduoe the'intensity of radlaUon bet spots
by at least 50 percent. Therefore, the important oonldderatlons are comfort, ease of
movement, imperviousness to radioactive plIrt(lJles, and ease of laundering and deaning.

6. Maintennnce, refueling, and rearming personnel could begin work as early as
H + 2 hours and continue to work lor a period of 8 hours on the most-highly contaminated
aircraft obtained in this project (Without dGGontaminatlon) at the expense of 5 r of whole-
body ga.mma dose. '

7. After (H + 24) hours, personnel could begin work and continue to work for 10 days,
at a ;rate of 8 hours per day, on the most highly contaminated aircraft obtained in thh!
project (without decontamination) at the expense c! les~ tt1AJl 1.5 r of whole-body gamma
dose. '

5.2 RECOMMENDATIONS

1. When working on contaminated aircraft on which the surface gamma radiation dose
rate exceeds 0.1 r/hr, per'sonnel ohould wear gloves, as well as e.dequV.e clothing, and
exercise oaution to prevent contact of bare skin with the aircraft surface.

2. Air Force Technical Orders and SOP's shculd ~;rev1sed to reflect thP. lack of
necessity for decontamination of aircraft by Air Forc6"perationa! organizations .
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App~ndil A

AOOITIONAL TABLES

TABLE A.1 SUMMARY OF INSTRUMENT SURVEY AND FlLM MEASUREMENTS
ON F-84 AIRCRAFT

Shot Erie Shot Inca

LCYJaUon of Film Time After
Time 01' l'encLraUo:; Time of Penetration

H + 51 min, H + 82 mir. H + 81 mini H + 85 min
on F-84 AIrcraft D'ltonaUon ----io'llm repibr Film rep/lU'

Hours T1B Mll.'C Ave Min T1B Max Ave Min

r/hr r/hr

Side of air Intake 2to4 8.5 3,300 \,500 1,30,0 0.8 ;)0 8 5
4to7 0.4 30 5 3
7to9 0.1 20 2 1

Side of fuselage 2to4 0.7 C5 12 7 0.9 55 14 12
below canopy 4to7 0.4 50 8 7

7to9 0.2 12 4 3

Leading edge of wing, 2to4 5.4 3,500 1,600 900 1.0 50 15 8
midway between root 4to7 3.1 700 330 ,70 0.5 18 8 3
and tip 7to9 0.2 14 3 2

Side of tip tank 2to4 1.2 90 30 15 0.8 50 14 10
4to7 0.5 GO 8 4 0.5 30 8 8
7to9 0.1 13 4 2

~. )
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TABLE A.2 SUMMARY OF INSTRUm.:-tT SURVEY AND FILM MEA5UREMEN'l'll ot! B-&7B AIRCRAFT

Shot Zuni IibOt FI.ibead 8IlOt &kOi&
Location of FUm Time Altor

Time of l-meuatton TIme of PenetrUlw TIme of Penetration
H + &2 m!n H + 8& min; H + 78 mln H +41 r..J.n

on B-&78 Aircraft Detonat1t.n
FUm replhr -2!l~!!PIIU' _= FUm repllU'

Houre TIB Max Ave Min TIB Mex it.". 111Il T1B Max Ave Ioful

r/hr r/hr r/hr

Top of ""ee 2104 2.0 .a0 30 1& 0.3 8& e4 38 OJI 8& 11 8
4107 0.3 M :13 1'1 0.1 JO 4
7109 0.2 28 U 11 0.1 1" 3 2

W.de of fueelqe alo4 0.2 20 4 <1 0.& 12 & 3 0.8 27 4 1
below canopy 4107 0.1 8 3 2 0.1 8 1 <1

7109 0.1 & 2 1 0.0& 10 1 <1

Unpainted CUD cover 2104 3.0 300 100 80 1.8 410 9~ 811 2.8 0& 32 18
on leading edp 4107 o.a 17& &5 32 0.8 17 13 10

7109 0.4 ~~O 38 2& 0.4 21 8 6

Painted leed1nlr edp. 2104 3.0 190 .a 20 3.9 270 U& 8.0 3& 1& 6
inboard of engine 4107 0.3 80 15 10 1.& 190 &0 3& 1.2 14 4 3

7109 b.8 200 'Ill 38 0.6 8 3 2

Side of tip tank 2104 1.5 &0 11> 4 0.8 115 38 30 V) 30 12 7
4107 0.2 30 10 4 0.3 25 12 10 0.2 17 4 3
7109 0.1 20 7 8 0.1 7 2 1

TABLE A.3 st:=AMARY OF FlLM/TlB AND APPARENT BETA/O.uh.!:A RATIOS FOR F-84 AIRCRAFT

Rhot. Erin Shot Inca

Location of FUm Time Alter
Time of Peoo....ation ·time of Penetration

on F-84 Aircraft Delonation
H + 57 min; H + 82 min H + 81 mL"1l H + 85 min

Film Max Hot Spot FUm Ave Area FUm Max Hot Spot FUm Ave Area
Houre -~ Ply, --nB fl/y -iTIl" flly T1B fl/y

8:lde of air Intake 2104 ~10 230 75 10
4to7

~
;:i 12

7109 , 155 15

Side of fWlelege 2104 80 17 81 16
below canopy 4 to 7 125 20

7109 ~\ 80 20

Leadlni edp 0' vl1nc. !l 10 4 6&0 70 300 35 &0 Cil 15 14
mldway between roct 4107 225 80 100 &0 36 60 12 21
and tip 71011 56 55 12

Side of tip tank 2104 75 25 62 65 18 20
4tn7 100 16 61) 11)0 16 25
7109 93 90 29 28
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TABLE A.4 SUMMARY OF FILM/TlI\ AND APPARENT BETA/GA...l(MA RATIOS FOP. B-57B AIRrnAFT

Shot Zuni S!!ot Flathe8d Shot Dakota

Locution of Film Time Aftar
Time of Penetration ':time of Penetration Time of Penetration

H .. 52 min H .. 65 min; H .. 78 min H+41min
,)n B-57B Aircraft Detonation

Film Max Hot Spot Film Ave Area Film Max Hot Spot Film Ave Area Film Max Hot Spot Filr.1 Ave Area
Hours T1B fJ/y T1B fJ/,· TIB fl/y T1B P/y T1B fJ/y T1B fJ/y

Top of nose 2to4 200 - 15 - 220 - 215 - 130 - 22
-ito 7 120 - 40 - 215 - 75 - 200 - 40
7to9 - - - .- 145 - 75 - 270 - 40

'"m Side of fuselage 2to4 100 - 20 .- Z4 - 10 - 45 - 7
no CoO below canopy 4to7 - - - - 43 - 21 - 80 - III
:Il!'- 7to9 - - - - 50 - 20 - 200 - 20
m
~ Unpainted gun cover 2to4 100 - 33 - 26;) - 60 - M - 8

on learling edge 4to7 - - - - 2Z0 - 70 - 62 - 22
7to9 - - .<_.:.0-. - ~450 ~<""~~ - 85 - 55 - 21-..

Painted leading edge, 2to4 63 - 13 - - 100 7Q 45 6 - 2 3
inboard of engine 4to7 270 - 30 - 125 150 55 70 12 - 3

7to9 - - - - 250 350 95 95 13 - 5

Side of tip taDk 2to4 33 - 10 25 145 90 48 30 30 30 12 16
4to7 125 - 42 -- 80 120 38 45 1.15 90 20 ~O

7to9 - - - - 140 160 50 55 70 40 20 20



Appendix 8

DESCRIPTION OF GLOVES

1. Glove, rubber, synthetic; Spec M.Il-G-4197A,
Grade C; AF Sto.lk No. 8415-269-0533.

2. Glove, flying, very llght, mosquito resistant,
Type K-1; Spac No. 3261-A; AF Stock No. 8415-261­
7014; leather palm and fingers designated 2-A; poplin
upper designated 2-B.

3. Glove, flying, leather, Type B-3A; Spec No.
3176-B, CIllSS P- pique sewn; AF Stock No. 8415­
268-7850.

4. Glove, nCCiprene coated cotton, oil-proof; AF
Stock No. 8415-26IH!342.

lL Glove, cotton, ollve drab; knit wrist, fUZZy
finish Inside; AF Stock No. 8415-268-8347.

6. Glove, flying, liner; light cotton jersey glC've
with knit wrist; AF Stock No. 8300-456030.

7. Glove, flying, llner; light rayon Jersey glove
with knit wrist; AF Stock No. 8415-242-25'.!7.

35

8. Glove, flying, ILler; muc~ Uke No.7, exc6;~

no wristlet.

Q. Glove, cotton, work; he&vy ootton with long
wristlet. This Is the standard Rad-Safe glove.

10. Glove, work; liiht twill pove with knit
",...lstlet.

11. t.love, fiy1l:r, liner; lipt nylon jersey pove
with knit wristlet; AF Stock No. 84111-269-0501.

12. Glove, I'lIrgical, rubber; manufactured by
Wlltex Rubber Company.

1~ Glove, cadet sb.e, protective solvent resis­
tant, vinyl coated; knitted ootton, Style No. 410;
manufactll'ted by Edmont Manufacturing Co.•
Coshocton, Ohio.
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